Reaction of Ascaris suum phosphofructokinase with diethylpyrocarbonate. Inactivation and desensitization to allosteric modulation.
Reaction of the phosphofructokinase from Ascaris suum with the reagent, diethylpyrocarbonate (DEPC), results in the loss of enzymatic activity. Treatment of the inactivated enzyme with hydroxylamine brings about the recovery of almost 80% of the original activity suggesting that the modified residues are histidines. Further evidence for the modification of histidines is that concomitant with the loss of activity, there is a change in A242 nm that corresponds to the derivatization of 5-6 histidines per subunit. There is no change in A278 nm during the derivatization process, thereby ruling out the modification of tyrosines by DEPC. Analyses of the first order inactivation rate constant for DEPC derivatization at different pH values resulted in the determination of a pKa of 6.4 +/- 0.1 for the group on the enzyme that reacts with DEPC. Derivatization of the enzyme with DEPC in the presence of fructose 6-phosphate (Fru-6-P) protected the enzyme against inactivation by 80%. ATP or MgATP gave no protection against DEPC inactivation. When the Fru-6-P-protected enzyme was further reacted with DEPC in the absence of Fru-6-P, a total of 2 histidines were modified per subunit, and the derivatization of one of these could be correlated with activity loss. When the phosphofructokinase that had been derivatized by DEPC in the presence of Fru-6-P was assayed, it was found that it no longer exhibited allosteric properties and appeared to be desensitized to ATP inhibition. This loss of ATP inhibition could be correlated with the modification of 2 histidines per subunit by DEPC. The first order rate constant for desensitization was determined at different pH values and a pKa value of 7.0 +/- 0.2 was obtained for the group(s) responsible for the desensitization. Regulatory studies with the desensitized enzyme revealed that the enzyme was not stimulated by AMP, NH4+, K+, phosphate, sulfate, or hexose bisphosphates. It is concluded that histidine may be involved both in the active site and the ATP inhibitory site of the ascarid phosphofructokinase.